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Abstract 
We analyzed the effect of cadmium on corti-
cotropic (ACTH) and prolactin (PRL) cells in the
pituitary gland of the Podarcis sicula (P. sicula)
lizard  under  chronic  exposure  to  this  metal.
Adult lizards were given CdCl2 in drinking water
at the dose of 10 μg/10 g body mass for 120 days.
Light microscopy was performed after histologi-
cal and immunohistochemical staining, and the
effects were followed at regular time intervals
up to 120 days post-treatment. We detected sub-
stantial variations in the general morphology of
the pituitary: unlike the control lizards in which
the gland appeared compact, the treated lizards
showed a glandular tissue with dilated spaces
that were more extensive at 90 and 120 days.
PRL  and  ACTH  cells  showed  an  increase  in
occurrence  and  immunostaining  intensity  in
treated  lizards  in  comparison  with  the  same
cells of control animals. This cellular increase
peaked for PRL at 30 days in the rostral, medial
and also caudal pars distalis of the gland. ACTH
cells  appeared  to  increase  markedly  after  60
days of treatment in both the pars distalis and
the pars intermedia. Again, at 60 days small,
isolated ACTH cells were also found in the cau-
dal pars distalis in which these cells were gen-
erally absent. However, at 120 days both these
cellular types showed an occurrence, distribu-
tion and morphology similar to those observed
in the control lizards. In lizards, protracted oral
exposure  to  cadmium  evidently  involves  an
alteration  of  the  normal  morphology  of  the
gland and an inhibitory effect of ACTH and PRL
cells,  since  they  increase  in  occurrence  and
immunostaining.  Yet  in  time  the  inhibitory
effect of cadmium on ACTH and PRL cells falls
back and their occurrence appears similar to
that of the control lizard. 
Introduction
Cadmium (Cd) is known to be a potent toxic
metal and a significant environmental pollu-
tant. Studies concerning animals exposed to
cadmium are of great interest since the pres-
ence  of  this  metal  in  the  environment  has
increased due to industrial activity and agri-
cultural  practices,  thereby  entering  the  food
chain.
1
In human populations, cadmium exposure
occurs primarily through dietary sources and
drinking water as well as cigarette smoking.
Cadmium  exposure  in  mammals  has  been
proved to cause bone problems
2 and renal dys-
functions,
3 alter  reproductive  functions
4 and
exert neurotoxic effects.
5 It has been shown
that Cd is also an endocrine disruptor that may
play a role in the aetiology of the pathologies
that involve the hypothalamic-pituitary-testic-
ular axis of mammals.
6-8 Cadmium mimics the
function of steroid hormones and its potential
role in the development of hormone-dependent
cancers is widely discussed.
9 Studies carried
out on rats also prove that Cd2+ is absorbed and
retained in the pituitary gland,
10,11 leading to a
decrease  in  content  of  luteinizing  hormone
and alteration of gland functionality.
7,8,12 In the
mouse  Mus  platythrix,  cadmium  induces
hypertrophy  and  hyperplasia  of  pituitary
gonadotrophs.
13 In  rat,  Cd  modifies  the  lac-
totroph  cell  activity  of  the  pituitary  gland
through biochemical, genomic and morpholog-
ical  changes
14 and  modifies  plasma  levels  of
luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH).
15-18
Histopathological damage depends on expo-
sure time, dose and administration route of
Cd.
8Lower concentrations of CdCl2do not seem
to influence the gonadotrope (GTH) cells in
the cyprinid Puntius sarana.
19 However, in fish
cadmium exposure affects the activity of the
endocrine system.
19-21
Compared with other classes of vertebrates,
reptiles are rarely used in studies on the possi-
ble  toxic  effects  of  heavy  metals.
22 However,
they are important bioindicators because they
are susceptible to the accumulation of persist-
ent pollution which is identified as a major
threat  to  reptile  populations  worldwide.
Although Cd accumulation in various reptile
organs has been studied,
1,22-25 there has been
very little experimental laboratory research on
the  effects  of  cadmium  in  reptiles.
26
Particularly lacking are effect-based studies in
reptiles exposed to known concentrations of
contaminants. Reptiles could be a good model
to  study  the  biological  effects  of  cadmium.
Although  the  physiological  function  of  this
metal is unknown, there is evidence to suggest
that cadmium is a metallohormone with estro-
genic and androgenic effects.
9
As we have already reported elsewhere, in
the  lizard  an  acute  treatment  with  a  single
high (20 μg/10 g body mass) intraperitoneal
dose of CdCl2 not only induces apoptosis, espe-
cially in the rostral pars distalis, which appears
irreversible,
27 but  also  alters  the  normal
endocrine function of the gland.
28 Once again
in  the  lizard,  we  also  reported  that  chronic
exposure to CdCl2 affects the hormonal secre-
tion of GTH cells through an inhibitory effect.
29
The aim of this paper was thus to analyse the
effects of cadmium on ACTH and PRL cells in
the lizard Podarcis sicula (P. sicula) exposed to
chronic oral treatment for 120 days at an aver-
age dose (10 μg/10 g body mass) of CdCL2. 
Materials and Methods
This study was performed on 30 adult females
of P. sicula, captured near Naples (Italy) and kept
under controlled conditions of light and tempera-
ture. Twenty specimens were subjected to chron-
ic treatment and the others were used as control.
CdCl2was administered to the lizards in drinking
water for four months at a daily dose of 10 μg/10
g body mass while control lizards received cadmi-
um-free water. The above dosage was chosen in
accordance with previous reports.
24,29 No mortali-
ty or altered animal behaviour was recorded dur-
ing the experiments. Groups of four treated and
two control animals were killed at 10, 30, 60, 90
and 120 days. Experiments were performed in
accordance  with  the  Guidelines  for  Animal
Experimentation  of  the  Italian  Department  of
Health under the supervision of a veterinarian,
and organised to minimise stress and the num-
ber of lizards used. All animals were killed under
ice anaesthesia by a cervical cut. In lizards the
pituitary  gland  is  extremely  small  and  almost
completely enclosed in the sella turcica, which
makes its removal difficult and may cause dam-
age to the gland. For this reason, we analysed the
hypophysis in toto with the brain. After removal
of the skullcap, the brains were fixed in Bouin’s
solution for 48 h at room temperature and then
decalcified in a solution of 5% EDTA in 10% for-
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malin for 25-30 days, dehydrated and enclosed in
paraffin. This was the only procedure able to pre-
serve not only the morphology but also the anti-
genicity of the cells. Serial 6 µm sections were
processed for routine histological and immuno-
histochemical  staining.  Mallory’s  trichromic
stain was used for the study of the general mor-
phology while the immunohistochemical proce-
dure was applied to identify and observe the ade-
nohypophyseal cells. For immunohistochemical
staining,
30the sections were processed according
to the ABC technique
31 using the following het-
erologous antisera at specific working dilutions:
anti-human  PRL  (1/300,  Signet  Laboratories,
Dedham, MA, USA) and anti-synthetic ACTH1-24
(1/600, Biogenesis, Poole, UK). Visualization was
carried out using the Vectastain Elite ABC kit
(Vector  Labs,  Inc.,  Burlingame,  CA,  USA)  and
revealed by 3 mg 3,3’-diaminobenzidine-tetrahy-
drochloride (Sigma, St. Louis, MO, USA) in 10
mL PBS and 150 µL 3% H2O2. The sections were
then contrasted with haemalum for one minute.
Antibody specificity was assessed by omitting the
primary antisera and absorbing each antiserum
with  the  specific  hormone.  The  images  were
examined and acquired by a Kontron Electronic
Imaging  System  KS300  (Zeiss,  Oberkochen,
Germany).  Quantification  of  the  two  cellular
types was carried out on at least 300 cells, with a
visible nucleus, on serial sections per animal and
relative to specific regions, namely the rostral,
medial and caudal pars distalis and pars interme-
dia.  Data  were  expressed  as  the  number  of
immunostained cells x 100/number of total cells.
The data obtained were pooled and analysed per-
forming Student’s t-test to determine the signifi-
cance (P<0.05) between control and cadmium
exposed groups. 
Results
General morphology 
In all control specimens the pituitary gland
appeared compact and extended in the cephal-
ic-caudal direction in which the pars distalis
(PD) was divided into a rostral part (RPD), a
caudal part (CPD) and a medial part (MPD)
(Figure 1 A). The whole PD consisted of homo-
geneous vascularised cellular cordons with an
evident  basal  lamina  surrounding  them  and
with  the  cells  clearly  identifiable  by  Mallory
stain (Figure 1 B). In the treated animals the
pituitary  gland  tissue  appeared  atrophied  in
some areas, with wide irregular intercellular
spaces, which appeared more extensive at 60
(Figure 1 C) and evident also at 90 and 120
days. The gland also showed greater vasculari-
sation; a basal lamina surrounded the cellular
cordons  only  partially  and  several  cells
appeared altered in shape (Figure 1 D).
Immunohistochemistry 
In the control lizards, ACTH and PRL cells
appeared clearly through immunohistochemi-
cal detection as distinct cellular populations
with a specific distribution in the PD or PI
(pars intermedia). In treated specimens we
observed  the  increase  in  occurrence  and
immunostain both for ACTH and for PRL cells.
ACTH  and  PRL  cells  already  at  10  days
revealed a small increase, albeit with a differ-
ent  time  course:  PRL  cells  appeared  more
abundant  at  30  days  from  treatment,  while
ACTH  were  more  copious  at  60  days.  In  all
these cells we also observed greater cytoplas-
mic immu  no  staining intensity.
Prolactin cells
In  control  lizards  PRL  cells  were  found
essentially in the RPD (24.0±0.5%) but also in
the  MPD  (20.1±0.24%)  (Figure  2  A).  They
were generally isolated or clustered in small
cellular cordons of three-five cells (Figure 2 B).
PRL  cells  appeared  pyriform  or  ovoidal  in
shape, with an eccentric and ovoidal nucleus
and a moderately dense cytoplasm (Figure 2
C). A few PRL cells were also observed in the
CPD (1.2±0.05%), but they were always absent
in the PI. At 10 days of treatment PRL cells had
slightly increased in the RPD and MPD, but
they were more numerous in the CPD (Table
1). Their occurrence peaked at 30 days from
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Figure 1. Mallory stain. Sagittal sections of the P. sicula pituitary gland. (A) Control lizard
showing the extension of the gland. At the top the subdivision of the gland into rostral
(RPD), medial (MPD), caudal (CPD) pars distalis and pars intermedia (PI) is reported. (B)
Detail of panel A showing the organization of the cellular cordons. (C) Treated lizard at 60
days. The gland tissue shows wide irregular spaces. (D) Detail of panel C: the cellular cor-
dons show a major vascularisation (*), a basal lamina only partly surrounding them (￉)
and several cells with altered shape (f). Bar 140 μm in A and C; Bar 40 μm in B and D.
Table 1. Percentage immunopositive prolactin cells in pituitary gland of control and
treated lizards.
Control 10 days  30 days 60 days 90 days 120 days
RPD 24.0±0.5 26.8±1.5 34.0±1.7* 31.2±1.1 29.7±0.66 24.8±1.1
MPD 20.1±0.24 29.2±1.35 39.8±1.2° 25.4±1.045 25.7±1.11 23.1±0.9
CPD 1.2±0.05 8.3±0.56* 17.3±0.67° 5.1±0.33* 3.9±0.4 2.1±0.2
PI 00 0 0 0 0
Immunopositive cells are expressed as mean ± SEM (%); *P<0.05, °P<0.01, compared with control groups.[page 210] [European Journal of Histochemistry 2010; 54:e45]
treatment  (Figure  2  D):  in  the  RPD
(34.0±1.7%),  MPD  (39.8±1.2%)  and  CPD
(17.3±0.67%). In all these regions they also
showed  greater  immunostaining  intensity
(Figure 2 E,F). At 60 and 90 days of treatment
PRL cells still appeared numerous, albeit with
diminishing values, and at 120 days close to
those  of  the  control  animals  as  reported  in
Table 1. No other differences were observed
between PRL cells in control and treated spec-
imens.
Corticotropic cells
ACTH cells were observed in both the RPD
(29.0±0.7%), and the MPD (12.0±0.13%), as
well  as  in  the  PI  (59.0±0.12%),  but  were
absent in the CPD of the control specimens
(Figure 2 G,I). ACTH cells were elongated in
shape,  with  a  generally  central  nucleus  and
higher cytoplasmic density in the PD (Figure 2
H) compared with PI. 
At  10  days  of  treatment  their  occurrence
appeared  similar  to  that  of  control  lizards,
except for the presence of a few cells also in
the  CPD  (Table  2).  ACTH  cells  increased
markedly  after  60  days  of  treatment  with
strong immunostaining of the cytoplasm in all
the regions of the gland (Figure 2 J,K,L): in the
RPD  (40.3±1.11%),  MPD  (23.8±0.9%),  PI
(76.2±1.25%) and CPD (16.1±0.85%). In the
caudal region they appeared small and isolated
cells, with no cordonal organization (Figure 2
L). At 90 and 120 days of treatment ACTH cells
showed a similar distribution and morphology
to the control; in the CPD as well their occur-
rence had considerably decreased, appearing
nearly absent at 120 days of treatment. 
Discussion 
Our findings indicate the toxic effect of cad-
mium upon the pituitary gland of the lizard P.
sicula exposed to chronic oral treatment with
an average CdCl2 dosage. Cytotoxic action may
be inferred both from the morphological alter-
ation of the gland and from the dysregulatory
process in ACTH and PRL cells, effects which
are  nonetheless  subject  to  different  time
courses. In terms of morphology, we observed
the progressive disorganisation of hypophyseal
tissue  due  to  the  appearance  of  atrophied
areas  with  wide  intercellular  spaces,  which
were more expressed at 90 and 120 days of
treatment. Similar effects have been reported
in other glandular tissues such as the thyroid
of the catfish Clarias batrachus
20 and the testis
of  the  cyprinid  Puntius  sarana
19 and  of  the
monkey Presbytis entellus entellus.
32
However, in lizard exposed to acute treat-
ment with a single high intraperitoneal dose of
CdCl2 we  previously  noted  that  this  metal
Original paper
Figure 2. ABC technique. Sagittal sections. (A-F) PRL cells (in brown). (A) Control lizard,
showing the occurrence of PRL cells in the RPD and in the MPD. (B, C) Details of panel A
showing these isolated cells (B) or organized into small cordons (C). (D) Treated lizard at 30
days, showing the increase in PRL cells extending also into the CPD. (E, F) Details of panel
D showing the greater intensity of immunostain of the cytoplasm in the MPD (E) and the
CPD (F). (G-L) ACTH cells (in brown). (G) Control lizard, showing the occurrence of
ACTH cells in the RPD, the MPD and also in the PI. (H, I) Details of panel G to show their
elongated shape and the cytoplasm moderately marked in the RPD (H) and their absence
in CPD (I). (J) Treated lizard at 60 days with an evident strong immunostain of ACTH cells,
which also appears in the CPD. (K, L) Details of panel J highlighting the marked immunos-
tain of these cells in the RPD (K), as well as their occurrence in the CPD (L). Bar 150 μm
in A, D, G, J; Bar 33 μm in B, E, I, L; Bar 15 μm in C, F; Bar 38 μm in H, K. 
Table 2. Percentage immunopositive corticotropic cells in pituitary gland of control and
treated lizards.
Control 10 days  30 days 60 days 90 days 120 days
RPD 29.0±0.7 26.3±1.1 30.3±0.9 40.3±1.11* 29.8±0.95 29.3±0.13
MPD 12.0±0.13 14.0±0.8 15.8±0.8 23.8±0.9* 14.5±0.21 12.8±0.69
CPD 0 1.5±0.36 3.7±0.18* 16.1±0.85° 5.1±0.6* 0.35±0.3
PI 59.0±0.12 60.1±1.84 73.2±1.9 76.2±1.25* 69.5±1.11 63.2±1.18
Immunopositive cells are expressed as mean ± SEM (%); *P<0.05, °P<0.01, compared with control groups.[European Journal of Histochemistry 2010; 54:e45] [page 211]
induces apoptosis, as also reported in the ante-
rior pituitary cells of the rat,
33 and that this
effect  is  irreversible.
27 In  this  chronic  treat-
ment, apart from morphological damage, a par-
allel increase in the vessel network was also
observed. The protraction of such tissue alter-
ations and the enhanced vascularization of the
pituitary  gland  agree  with  previous  findings
that chronic exposure to Cd can lead to eleva-
tions in blood pressure. Considerable evidence
suggests that hypertensive effects of Cd result
from  complex  actions  on  both  the  vascular
endothelium  and  vascular  smooth  muscle.
34
The  same  increase  in  blood  pressure  could
partly  explain  the  alterations  in  the  tissue
architecture which we found in this gland. 
This heavy metal is also known to affect the
endocrine system in mammals.
7,8,12
Likewise, we also observed in the lizard the
inhibitory  action  of  cadmium  in  both  ACTH
and PRL cells, just as we previously reported
for gonadotrope cells.
29 Indeed, both these cell
types  during  chronic  treatment  are  more
numerous and show marked immunoreactivi-
ty.  However,  we  observed  that  the  cellular
increase peaked for PRL at 30 days, while for
ACTH  it  peaked  after  60  days  of  treatment.
This finding is also supported by a concomi-
tant increase in immunostaining of the cyto-
plasmic  granules  of  all  these  cells.  The
increase in occurrence and in cytoplasmic den-
sity is indicative of a hormonal accumulation
in  these  cells  due  to  the  inhibiting  effect
induced by cadmium. It has been proved else-
where  that  divalent  cations,  such  as  Cd2+,
inhibit in vitro release of GH and PRL from
bovine adenohypophyseal secretory granules.
35
Further, the inhibitory effect of cadmium on
the  hormonal  secretion  of  many  adenohy-
pophyseal cells has been found in mammals by
virtue of biochemical studies: the levels of LH
and FSH in serum of rat
7,12 and pig
36 exposed to
cadmium decrease.
In  mammals  Cd  differentially  affects  the
secretory  mechanisms  of  the  pituitary  hor-
mones:  the  effects  of  this  metal  are  dose-
dependent only for prolactin and ACTH.
8 In the
fish Puntius sarana,
19 only high concentrations
of CdCl2 influence the pituitary gonadotropins
with a gradual accumulation of secretory gran-
ules. Also in the lizard Cd could well compete
with  calcium  at  pituitary  level  through  the
membrane  channels  or  change  intracellular
calcium mobilization, as postulated for mam-
mals,
37 and  inhibit  hormone  secretion.
However,  Cd  could  also  cause  alterations  in
receptor binding and secretory mechanisms of
pituitary hormones as reported by Pillai et al.
38
in female rats: cadmium generates free radi-
cals which change the biophysical properties
of the pituitary membranes with an inhibitory
effect on hormone secretion. 
However, in the present study we observed
that, unlike tissue alteration which persists in
time, the inhibitory action both on ACTH and
PRL cells diminishes: at 120 days the occur-
rence of these cells returned to values similar
to those observed in the control lizards. This
reaction could be viewed as a probable adapta-
tion to the toxic action of cadmium in time,
when the Cd dosage is at moderate levels. It
may  also  be  attributed  to  the  activation  of
defence  mechanisms  such  as  the  action  of
metallothionein,  given  that  Cd  in  chronic
intoxication stimulates de novo synthesis of
MTs; toxicity in the cells is assumed to start
when  Cd  ion  loading  exceeds  the  buffering
capacity of intracellular MTs.
39 That said, the
lizard appears to be a good experimental model
for studying the action of heavy metals on the
endocrine system.
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